The short-term clinical results of the CLASICC trial indicated that clinical outcomes were similar between laparoscopic and open approaches. This study presents the short-term (3 month) cost analysis undertaken on a subset of patients entered into the CLASICC trial (682 of 794 patients). As expected the costs associated with the operation were higher in the 452 patients randomised to laparoscopic surgery (lap) compared with the 230 randomised to open procedure (open), d1703 vs d1386. This was partially offset by the other hospital (nontheatre) costs, which were lower in the lap group (d2930 vs d3176). The average cost to individuals for reoperations was higher in the lap group (d762 vs d553). Overall costs were slightly higher in the lap group (d6899 vs d6631), with mean difference of d268 (95%CI À689 to 1457). Sensitivity analysis made little difference to these results. The cost of rectal surgery was higher than for colon, for lap (d8259 vs d5586) and open procedures (d7820 vs d5503). The short-term cost analysis for the CLASICC trial indicates that the costs of either laparoscopic or open procedure were similar, lap surgery costing marginally more on average than open surgery.
The last 20 years have seen major improvements in survival following colorectal cancer as a consequence of advances in early diagnosis, improved chemotherapy and radiotherapy and advances in surgical technique (Hayne et al, 2001) . The application of laparoscopic surgery to colorectal disease started in the early 1990s, and was instigated as a means of offering patients a more rapid recovery, fewer complications and shorter hospital stay (Jacobs et al, 1991) . Conversely, issues have arisen with regard to the high proportion of patients who require a conversion to an open procedure, and the generally longer theatre time required with costs associated with them. However, despite advocates of this technique, few have been subjected to randomised controlled clinical trials of therapy (Stage et al, 1997; Hewett et al, 1998; Lacy et al, 2002) . Nonrandomised studies have examined cost, some of which have indicated lower costs with laparoscopic surgery (Bokey et al, 1996; Philipson et al, 1997) , while others have found the results to be equivocal (Falk et al, 1993; Bergamaschi and Arnaud, 1997; Joo et al, 1998; Khalili et al, 1998; Young-Fadok et al, 2001) .
The Conventional vs Laparoscopic Surgery in Colorectal Cancer (CLASICC) trial, is a UK multicentre pragmatic trial, which randomised patients between July 1996 and July 2002 to either laparoscopic surgery or an open procedure. The trial was designed to randomise patients to laparoscopic or open surgery (Stead et al, 2000) . Details of the overall trial design and short-term clinical outcomes are reported elsewhere (Guillou et al, 2005) . In brief, the trial was designed to study clinical end points of survival and disease-free interval. A total of 794 patients from 27 centres (32 surgeons) provided informed consent and were randomised to laparoscopic (526 patients) or open surgery (268 patients) in a ratio of 2 : 1, with stratification by surgeon, proposed site of operation, presence of liver metastases and preoperative radiotherapy administration. Patients with both colon (413 patients) and rectal (381 patients) cancer were included in this trial.
The shortterm end points of this trial indicated similar results between the randomised groups in respect of positive resection margins, proportion of patients with Dukes' C tumours and inhospital mortality (Guillou et al, 2005) . Secondary short-term end points of surgical complication rates (intraoperatively and up to 30 days and 3 months postoperatively), transfusion requirements and quality of life up to 3 months were also similar between groups.
The purpose of the current paper is to report on the short-term cost implications of either laparoscopic or open resection for patients with colorectal cancer in the CLASICC trial.
METHODS
The cost analysis in this trial was undertaken from the perspective of the UK National Health Service, with analysis undertaken up to three months post operation. Information on resource usage was provided at the individual patient level.
Patients for this part of the trial were included on the basis that they provided written informed consent to participate in the quality of life/health economics sub-study of the trial. This was a subset of the total patient group (n ¼ 682) Patients who did not give this consent, or where details of the actual operative procedure were missing at the time of analysis, were not included. Detailed theatre resource use was undertaken in a subgroup of these eligible patients, with the aim to recruit 10 patients randomised to the laparoscopic procedure and 10 patients to the open procedure from each recruiting surgeon.
Theatre use
Theatre usage was determined on the basis of information recorded by the surgeons in the immediate postoperative period. Theatre time was calculated in the subgroup as the time between first incision to the time that the dressing was applied to the surgical wound. Theatre time for patients not in the sample was imputed from linear regressions derived from the subgroup, which related the actual operation undertaken with anaesthetic time.
Fixed theatre cost was estimated by subtracting the total variable costs (staffing and equipment costs) from the total theatre cost in the patients who underwent the standard (open) procedure. This fixed cost (d92.50) was then used with the individual patient variable cost to determine patient specific theatre cost.
Detailed records were taken of theatre staffing including surgical/anaesthetic and nursing grades present for each operation. Information from the sample was used to impute values for patients in whom this information was not available by drawing a random values from those in whom details were available, stratified by operative procedure (open or lap) and operation undertaken (open, lap or conversion). Use of disposable and nondisposable equipment was estimated by the individual surgeon's normal practice for each procedure. Requirement for blood and fluid transfusion was determined in the immediate postoperative period and for 7 days following surgery, together with blood volumes administered and type of blood used (allogenic, autologous or blood products).
Hospital stay
Hospital stay was calculated from the date of operation to the date of discharge/death plus an additional day (preoperative admission). This hospital stay was subdivided into time on the surgical ward, time in intensive care (ICU) and time in high dependency (HDU). As this analysis relates to follow-up to 3 months, in-patient stay was truncated at 90 days.
Complications
Intraoperative complications were recorded in the immediate postoperative period by the trial surgeon, and were subsumed within the overall theatre costs. Postoperative complications were recorded up to 30 days and 3 months postoperation. At these times information was collected on whether further surgery was undertaken. Follow-up questionnaires were sent to trial centres to provide more detailed information on reoperations, including anaesthetic time, additional in-patient stay for surgery and use of ICU and/or HDU. Postoperative complications that did not lead to further surgery were also recorded, and coded blind by a surgeon to estimate resource use. Serious postoperative complications were costed according to national figures, with account taken for inpatient stay (NHS, 2002) . Minor complications were coded according to the need for antibiotics, urinary catheterisation and CT scan.
Postdischarge health resource usage
Patients who agreed to take part in the health economics substudy of the trial were sent questionnaires about their use of health resources at both 2 weeks and 3 months postoperatively. Information was requested on the number of in-patient days, outpatient visits, general practitioner visits, use of district (community) and stoma nursing services. Details of reasons for visits were given, which allowed for exclusion of double counting of in-patient stay (operative procedure and reoperations), and outpatient visits for radiotherapy or chemotherapy, which were excluded from the analysis.
UNIT COSTS
Unit costs were determined from a number of sources. Total hourly rate for theatre time and recovery were provided by one of the main hospitals participating, together with hotel cost for ward stay, ICU/HDU and outpatient visit (Table 1) . Staffing costs were estimated as mid point of scales given in the UK literature (Netten et al, 2001) . Cost of theatre equipment specific to the procedures undertaken were provided by a manufacturer, and given as the average selling price for the products in 2003 (personal communication). All nonspecific equipment was assumed to be incorporated into the fixed theatre costs. Reoperations were assumed to be open procedures, with variable hourly cost assumed to be identical to the mean for patients who initially underwent open surgery. Postdischarge health resource unit costs were also estimated from national published figures (Netten et al, 2001) . Indirect costs were estimated by determining the time taken for the patients in work to return to employment, with a cutoff set to 90 days. Average salary costs of d66.24 per calendar day for those in full time employment and d33.12 per day for part time workers were taken from the Department of Work & Pensions for 2002. Sensitivity analysis was used to challenge some of the assumptions made in the analysis, with particular respect to perioperative costs, equipment costs, recovery time, ICU cost and cost of hospital stay (ward/ICU/HDU). In this analysis a potential deviation from the assumed costs of 20% either side of the estimated costs was used to determine the robustness of the cost estimates. Analysis was also undertaken analysing patients with rectal and colon disease separately.
Average costs were determined with bootstrap estimates of confidence intervals given at 2.5 and 97.5% levels.
RESULTS
Of the total patients included in this trial, 696 agreed to take part in the health economics substudy. A further 14 were excluded on the basis that details of the operative procedure were unknown at the time of analysis, leaving a total of 682 (452 laparoscopic Table 2 details baseline demographics for all patients included in the health economics substudy, while Table 3 presents key items of resource use for these patients. As expected, patients in the lap group had longer median duration anaesthetic time (180 vs 135 min), but slightly shorter median stay in hospital (10.0 vs 12.0 days). Intensive care was more frequently required for patients randomised to the open procedure, but the mean duration in ICU was shorter. A similar proportion of randomised patients required blood transfusion (33.6 vs 34.0%).
For the 233 patients included in the detailed theatre resource use subgroup, time in theatre was longer for the laparoscopic group compared with the open group (median 165 vs 115 min), Table 3 . Theatre staffing was similar between procedures, for all grades of medical and nursing staff.
The incidence of reoperations within 3 months after surgery was similar between groups (10.6% for the lap group vs 9.1% for the open group), Table 4 . The incidence of major complications was similar between the randomised groups (14.4% for the lap group vs 10.7% for the open group), as were the proportion of patients experiencing minor complications requiring antibiotics, urinary catheterisation and CT scans.
Over the 3 month postoperative period patients were seen by a wide range of health care professionals for numerous reasons. Three Month cost of health resources Table 5 gives the overall cost of health resource use of patients who entered the health economics substudy of the CLASICC trial. The results indicate that patients randomised to laparoscopic surgery had a significantly higher cost around the perioperative period (mean difference ¼ d317.96, 95%CI d235.39 to d395.66), however, the total cost was similar, with the laparoscopic arm having slightly higher total cost (mean difference ¼ d268.11, 95%CI Àd689.09 to d1457.52). Sensitivity analysis was used to challenge some of the assumptions made in the analysis, (Table 6 ). While some changes did occur with respect to the mean difference in cost, patients who underwent laparoscopic surgery had consistently higher costs associated with their procedure and follow-up. The largest difference occurred when hospital costs were challenged (d317) with smallest differences occurring with reduced equipment costs (d86). Table 7 gives details of cost differences associated with colon and rectal cancers analysed separately. The cost of rectal surgery was higher than for colon, for both lap (d8260 vs d5587) and open procedures (d7820 vs d5503). Again the difference between randomised groups indicated a slightly higher cost for laparoscopic surgery than the open procedure, with a smaller difference for colon cancers (d83.92, 95%CI Àd642.12 to d791.99) compared with rectal cancer (d439.15, 95%CI dÀ1293.85 to d2857.27).
Analysis was undertaken to examine the relationship between conversion rate and total cost of care. The relationship between the two was not a simple one (Table 8) . Conversion rates varied between 36.1% in the second year of randomisation up to 17% in Confidence intervals generated by bootstrap method (1000) iterations, and given for 2.5% and 97.5% percentiles. the sixth year. Despite this, the overall difference between randomised groups was greatest in the sixth year in favour of the open procedure, with years one and two (highest conversion rates), experiencing costs in favour of laparoscopic surgery. This apparent anomaly was explored by examination of actual operation performed. The cost of undertaking a successful laparoscopic procedure was highest in the sixth year (d7713.22), whereas the conversion costs were lowest (d5798.06). Lowest cost of a successful laparoscopic procedure was in year 2 (d5682.57) which also corresponded with a high cost of conversion (d8643.82).
DISCUSSION
The CLASICC trial has a pragmatic approach to determine the outcomes of laparoscopic surgery compared with open procedures in patients with colorectal cancer. It has shown that there is a trade off in costs. The laparoscopic procedure was more expensive in terms of theatre costs, whilst the other hospital costs such as ward, ICU and HDU and complications were higher in the patients randomised to the open procedure. The results of this trial are consistent with other costing studies of laparoscopic surgery for colorectal cancer (Philipson et al, 1997 , Khalili et al, 1998 , Delaney et al, 2003 , Janson et al, 2004 . Khalili et al (1998) found similar costs between treatment groups, though the operating theatre costs were higher for laparoscopic surgery. While others have found overall higher costs of the laparoscopic procedure, much of this can be explained by the results being limited to operating costs only (Philipson et al, 1997) . Delaney at al used a case matched design to compare patients who underwent colorectal surgery using the laparoscopic and open procedures. Patients were matched for age, gender and disease group. Their conclusion was that laparoscopic surgery was less expensive than the open procedure despite a higher overall cost within the operating room. This was largely a consequence of shorter hospital stay (3 vs 6 days) and lower ward nursing, pharmacy and laboratory costs. However, of the 150 matched cases in this study only 34 laparoscopic and 47 open surgery patients were operated on for colon cancer, and information was only provided for patients while they were within the hospital system.
The recent COLOR trial has provided a similar approach to the analysis of short-term costs undertaken in the current trial, with a sample of 210 Swedish patients from a multinational trial of 1200 patients with colon cancer (Janson et al, 2004) . Societal costs were higher in the patients who underwent conventional open surgery, although as expected operative costs were higher in patients who underwent laparoscopic surgery. The total 12-week costs were significantly higher in the laparoscopic group (difference ¼ h2244), despite just 14 of 98 (14%) undergoing intraoperative conversion from lap to open. Their results indicated that laparoscopic surgery was not associated with shorter hospital stay, and required more reoperations. Conversely the present trial results demonstrated similar costs between groups, despite there being a higher conversion rate (28%). The present study also indicated a slightly lower duration in hospital for the patients randomised to laparoscopic surgery (13.6 vs 14.4 days), which would reduce costs in favour of the laparoscopic procedure. Confidence intervals generated by bootstrap method (1000) iterations, and given for 2.5 and 97.5% percentiles. The results show a clear difference in cost between patients who undergo colon cancer resection and those with rectal disease. The overall cost difference of undertaking laparoscopic cancer in rectal cancer was somewhat higher than for patients who underwent colon cancer resection. Despite these differences, the percentage cost difference was only around 5% of the total cost of care.
The apparent paradox in relation to the difference in costs in relation to conversion rate can be explained by observing the costs of each operation type undertaken. There was evidence that the cost of open surgery was reducing over time as a consequence of shorter hospital stay and less use of HDU. However, the cost of a successful laparoscopic operation was increasing despite a lower conversion rate. This may be a consequence of surgeons spending more time and effort in completing the operation they had originally planned, with a subsequent increase in cost for this group. Evidence to support this comes from an analysis of reoperation costs, which increased from an average of d321 in year one to d2119 in year 6.
CONCLUSION
The analysis of cost data from 682 patients from the CLASICC trial has shown that there are similar costs involved in the laparoscopic and open procedures for colorectal cancer within the UK. On the basis that the short-term outcomes are similar, it would appear that until longer-term results for the randomised trials are made available, it would appear that both surgical options are equally acceptable in the short-term for both clinical and costs of treatment.
